Scientometrics cannot offer a simple consistent method for measuring the scientific eminence of individuals. The h-index method introduced by Hirsch was found applicable for evaluating publications of senior scientists with similar publishing features, only. Some simple methods -using the number of citations and journal papers, and the number of citations obtained by the most frequently cited papers -are suggested and tested to demonstrate the advantages and disadvantages of such indexes. The results indicate that calculating scientometric indexes for individuals, self-citations should be excluded and the effect of the different bibliometric features of the field should be taken into account. The correctness of the indexes used for evaluating journal papers of individuals should be investigated also on the individual level.
Introduction
Verification of scientometric indicators may be performed by peer review. Verification of peer review may be performed by scientometric indicators. Consequently, if the results obtained by both methods lead to the same conclusion, we may regard the methods to be correct. This process corresponds to the convergent indicators principle of Martin and Irvine [1] .
The scientometric assessment of publications of individuals is a more complicated endeavour than that of teams, journals or countries. The reason for this is not only the smaller number of papers to be assessed but the increasing importance of unified publication features. Some characteristic publication features of individuals may be, for example, preference of special types of publications (i.e. journal papers vs conference proceedings or book chapters; letters, short communications vs articles or reviews etc.); high or low self-citation rate; or working with a high or low number of co-workers, cooperating partners and co-authors. These factors may strongly influence the scientometric indicators selected. Therefore, because of the specificities of methods applied to By this classification scheme high impact (manifested by citations) may be attained either by many papers or by few papers.
Eminence of scientists and research teams should be assessed primarily by their impact on science and not by the amount of information produced. From the definition of the h-index, it follows, however, that the value of the index may be equal to or less than the number of papers published (h ≤ P). The h-index cannot exceed the number of papers. Scientists having published for example 40 papers cannot attain an index higher than 40.
The measure of the index is strongly influenced by the distribution of citations over papers, as well. Scientific eminence may be related to the eminence of scientific publications. Two methods may be applied to obtain criteria of publication eminence. We can select elite groups of individuals, teams or countries by peer assessment and calculate the respective averages of their publication and citation indicators. These measures may serve as standards or norms of eminence. In this way we can calculate the number of journal papers published, citations obtained or citations by paper of Nobel-prize winners [6] , members of national academies, persons decorated by national or international awards [5] , elite university teams [7] etc.
Another method of determining publication and citation standards of eminence is the selection of a share within the total which may be assumed as an elite group. Essential Science Indicators, for example, apply 0.1 or 1.0 or 10% of total items as an elite. The percentage criteria may be valid only for whole scientometric systems. Partial systems, namely, may not show all characteristics of the respective whole scientometric system and the distribution of respective indexes may also differ.
The concept behind eminence thresholds dates back to Galton, cited in [8] , who found that the square root of the population of a country or profession or other category may represent the number of truly eminent individuals.
indicators for greater sets of papers (e.g. those of countries). However, low aggregation levels (publications of teams or persons) may cause great discrepancies. Especially individuals with many cooperating partners may receive many self-citations.
• Application of the Hirsch method [2] strongly handicaps those who work alone or with small teams as the highest number of journal papers published represents the highest limit of the h-index.
• The Hirsch index does not take into account the various bibliometric features of different fields and subfields.
In Table 1 some examples are given to demonstrate some shortcomings of the Hirsch index in the case of a low number of papers and special distribution of citations over papers. The comments made may throw a light on some undesirable tendencies in applying the h-index method where an increasing number of citations or enhanced citedness is often not acknowledged. Table 1 A:
Comments on the values in
There are only five papers with more than five citations each, consequently h = 5, although these papers obtained 96, 97, 98, 98 and 100 citations, respectively and C/P = 50. B:
There are only five papers with equal to or more than five citations each; C/P = 5, the h-index seems to be correct. D:
There is a set of 10 papers with more than 10 citations each, consequently h = 10, although C/P = 50. The h-value cannot be higher than the number of papers. A set consisting of 50 papers with 50 citations each would have an h-value of 50. E:
An h-index of 5 can also be produced by only five papers. G:
Out of 50 papers, there are 30 with 10 citations each, but the h-index is only 10. H:
Strangely enough, a set containing 30 papers (60%) with 100 citations each and 10 papers (20%) with 50 citations each has an h-value of 40, only because there are 10 papers (20%) with 10 citations each within the set investigated. A,B: Set A receives 500 whereas set B only 50 papers, C/P = 50 and 5 respectively, the h-indexes are, however, identical (5 for both). C,D: Set D receives 500 citations whilst set C only 100, the h-indexes are, however, similar in both cases. A,D: Because of the homogeneous distribution of citations in set D, the h-index rises from 5 to 10; E,F: h-Indexes are similar, although C/P = 7 and 100, respectively. D,G: The increase in the number of papers (from 10 to 50) and the decrease of C/P (from 50 to 7.2) do not affect the h-index (h = 10). H,I: By the h-index method scientists with higher citation numbers (3600 vs 1700) and higher C/P indexes (72.0 vs 34.0) would be at a disadvantage (H vs I) only because of the citation distribution over papers (h-index is 40 for both H and I).
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Some simple publication indexes for individuals
Elaborating relatively simple indexes to approximate the international publication impact of researchers without sophisticated scientometric measures (e.g. Garfield (Impact) Factor, Relative Citation Rate, Relative Subfield Citedness, etc.) is a difficult undertaking. In order to show that it is possible to calculate indexes with similar potentials to those obtained with the h-index, we present in this paper some relatively simple measures using number of papers published and citations obtained. Preconditions for calculating the publication impact indexes (PI) can be given as follows:
• the number of journal papers published (P) represents the amount of scientific information produced;
• the number of citations received (C) represents the scientific impact of the information published;
• scientific impact may be a monotonically increasing function of P and C;
• the individuals to be studied are active in fields or subfields with similar bibliometric features (bibliometric features of fields may be identified from the following characteristics: publication productivity; frequency of publications by type, i.e. journal papers, books, proceedings, etc.; mean number of references in papers; rate of aging of information);
• publication life-time (PLT) of the respective individuals is similar (PLT = publishing year of the last paper -publishing year of the first paper);
• highly cited papers may represent breakthrough results.
It should be noted that the Journal Paper Citedness (JPC = C/P) indicator may reflect the average impact of papers. However, the total impact of a set of papers may be related to the total number of citations obtained.
The criteria of the publication impact indexes to be introduced here for demonstration purposes can be summarized as follows:
• a higher number of citations or papers should result in a higher index;
• an increasing number of citations should increase the index to a greater extent than the increase of papers;
• with an increasing number of citations or papers the index should increase to a lower extent than linearly.
Naturally, there may be several potentials for calculating indexes corresponding to the criteria mentioned. It is always the purpose of the respective assessment that determines the method of calculation of evaluative indicators. One of the formulas suggested for calculating the PI index is as follows:
where C is the total number of citations obtained and P is the number of journal papers.
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Other simple formulas (Equations 2-4) may also meet the requirements given above. Formula 3 and 4 take into account the number of citations obtained by the most cited papers, as well.
PI(2C) = 0.01 (1.
PI(3C) = 0.01 (1.3C + P + 3C 3P ) (4) where C 3P is the number of citations obtained by the three most cited papers.
Data
Journal papers published and citations obtained were collected for 21 eminent scientists working on different fields of chemistry who were nominated for membership of the Hungarian Academy of Sciences in 2000. Of the 21 candidates, nine scientists were elected members of the Academy. All the papers and citations were collected for the 21 scientists from Web of Science (WoS) in December 2005. Only publications in the category of 'view record' were counted. In this way publications in documents and citations received by them but not available, were discarded. The citations cover dependent and independent citations as well. 'Dependent' citations (self-citations) could be collected from the Publication Data Bank of the Hungarian Academy of Sciences for nine individuals, only. The data for Relative Citation Impact (RCI) indexes (citations, journal papers and Garfield (Impact) Factor of journals) of the scientists were gathered from WoS up to 2000. In calculating RCI indexes only independent citations were used (self-citations were excluded).
About the ratio of C and P in the indexes suggested
The empirical formulas (Equations 1-4) suggested here were obtained by model calculations, according to the criteria mentioned. Equation (1) is supported by several authors (e.g. [8] ) stressing the importance of orders of magnitude over actual values.
According to Table 2 , the percentage weights of factors (P and C) determining the PI index depend on the C/P ratio. At constant C or P the higher the number of P or C, the higher the corresponding PI(log) and PI(C). The weight of publications takes only 14.3% (PI(log)) or 4.8% (PI(C)) if the C/P ratio is equal to 10. The percentage weight rises to 40.0% for PI(log) and to 83.3% for PI(C) with the decrease of the C/P ratio to 0.1.
PI indexes (Equations 1-4) may be regarded as composite indexes [9] . Power 3 and multiplication factor 2 for C in PI(log) and PI(C) respectively may show an enhanced importance attributed to impact (citations) over quantity (publications) respectively. For C = P the percentage ratio of weights for citations and publications is calculated as 75/25 and 66.7/33.3%, respectively. For C > P the share of C is kept below 25 and 33.3%, respectively.
Two apparently different weights for citations obtained by the three most frequently cited papers (C 3P ) are suggested (Equations 3 and 4). The maximum value of (1.5 C + 2 C 3P ) and (1.3C + 3 C 3P ) is
P. Vinkler
Journal of Information Science, XX (X) 2007, pp. 1-11 © CILIP, DOI: 10.1177/0165551506072165 5 Table 2 Model examples for calculating PI(log) = log(C 3 · P) and PI(C) = 0.01 (2C + P) indexes and weights (W) in per cent for publications (P) and citations (C) equal to 3.5 C and 4.3 C respectively as the maximum of C 3P is equal to C. The ratio of C 3P /C was found to be, however, 22.93% (SD = 15.72) for the 21 authors studied. Accordingly, 1.5 C + 2 C 3P = (1.5 + 0.46) C ∼ 2.0 C, and (1.3 C + 3 C 3P ) = (1.3 + 0.69) C~ 2.0 C. This finding would indicate that using C 3P data was not necessary as formula (2C + P) would reflect impact and quantity correctly.
Percentage numbers of C 3P , however, greatly differ from person to person. The mean number of C 3P /C was found to be 24.18% (SD = 20.12; dynamic range: 9.1-84.5%) for the 21 scientists studied. Three individuals obtained, however, significantly more citations (84.50, 35.23, and 34.48%, respectively). In contrast to this, three persons were found who obtained very small number of citations to their most cited papers (14.01, 11.24, and 9.07%, respectively). If we accept the outstanding importance of highly cited papers, see e.g. [10, 11] , we should use C 3P data in calculating publication eminence, otherwise persons with a high citation rate for some outstanding papers but a lower or medium number of total citations would be handicapped. In contrast to the share of citations of the three elite papers within the total, the share of citations in calculating h-indexes is significantly higher (mean: 55.69 per cent, SD = 15.79, dynamic range: 24.63-95.62%). The high share indicates a significant correlation between the h-index and total citations (see below).
According to the data in Table 3 , quantity of information is weighted by about 5% (irrespective of the quantitative aspect of total number of citations). The general impact (i.e. citations) attained by the individuals is weighted by about 65%, on average, whereas the weight of special impact of the most frequently cited papers is about 30%. Tables 4 and 5 summarize the averages of number of publications, citations, and values of citedness of papers and eminence indicators calculated for two groups of scientists. All indexes were found to be higher for elected members of the Academy. There are several factors other than scientometric which may influence the decision. Nevertheless, the agreement of the different indexes with the decision of the electors indicates that the indexes studied may be used for approximating the eminence of scientists.
Application of the indexes introduced
The number of self-citations by the scientists studied could be determined only for nine persons. Three of them show a self-citedness rate of 15.0-17.5%, whilst this index is 22.1-24.3% for three other persons. The self-citedness rate for three individuals was found to be very high: 33.10, 39.94 and 73.11%, respectively. The Hirsch indexes calculated by the total number of citations and by excluding self-citations show good agreement for six persons with relatively low (< 24.3%) self-citation rate. But the h-indexes calculated from the total number of citations (independent and dependent citations) and from only independent citations (self-citations excluded) show great differences for individuals with a high self-citation rate (> 30%): 28 vs 20; 26 vs 15; and 17 vs 6, respectively (naturally, the values referring to the total number of citations are higher).
From the above findings it may be concluded that application of the Hirsch method, calculating with the total number of citations (self-citations included) is incorrect if the self-citation rate is high.
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Journal of Information Science, XX (X) 2007, pp. 1-11 © CILIP, DOI: 10.1177/0165551506072165 6 It is obvious that calculations from the total number of citations may cause similar discrepancies for all indicators containing citations. For example, the difference in PI(log) indexes calculated with total number of citations and without self-citations is 17.9% for one of the scientists. For all other individuals the difference is lower than 6%. The difference in PI(C) indexes is, however, significantly greater. For three scientists it is 224.11, 62.8 and 47.4%, respectively. For other persons the difference is less than 32%.
Batista and co-workers [12] suggested calculating a modified h-index (h I ) taking into account the mean number of co-authors as follows: h I = h 2 /N, where N is the total number of authorships of the respective papers. The rationale for this formula is that average individual production should be reflected by the index. The h-index was found to decrease dramatically (3.0 and 5.5 times for physicists and biologists, respectively). The dynamic range for the 10 physicists studied is: 1.69-14.01; and for the 10 biologists Table 4 Mean number of journal papers (P), total number of citations (C), percentage share of citations received by three most cited papers (C 3P %), and percentage share of citations used for calculating h-index (C h %) for members and non-members of the Academy Key: See Table 4 . PI(log) = log (C 3 · P). PI(C) = 0.01 (2C + P). PI (2C) = 0.01(1.5C + P + 2 C 3P ). PI (3C) = 0.01 (1.3C + P + 3 C 3P ).
RCI: Relative citation impact = number of citations obtained weighted sum of GFs of journals where papers were published (Weighting is based on the number of papers in the journal.)
Persson et al. [13] found significant correlation between the number of co-authors and the mean number of citations per paper: the higher the number of co-authors the higher the number of citations obtained. Accordingly, we may conclude that the higher the total number of authorships of a set of papers the more citations can be received by the respective papers. It concludes that scientists with many co-workers and cooperating partners (resulting in many authorships) may obtain more citations to the same number of papers than the scientists publishing with fewer co-authors.
From the above, the conclusion may be drawn that in assessing publications of individuals, selfcitations (co-author citations included) should not be counted and the number of co-authors should be taken into account when calculating scientometric indicators for comparative assessment.
The data given above confirm our assumption that the correspondence of means of several indexes is not sufficient in each case for verifying the correctness of the individual indexes. Apparently such indexes, like the h-index, PI(log) or PI(C) cannot solve all the problems of the evaluation of individuals. The results attained underline the importance of investigating scientometric indicators also on an individual level.
Correlation of the indexes
Pearson's correlation coefficients of the indexes studied are given in Table 6 . The data reveal that the correlation between quantity and impact (i.e. number of publications and citations) is relatively low but significant (0.54, p < 0.05). Citedness of papers (C/P) shows no correlation with either C or with P. C/P correlates, however, with the number of citations obtained by the most frequently cited papers (C 3P ) (r = 0.78; p < 0.05). Obviously, strong correlation (r = 0.90, 0.93, 0.99, 0.98 and 0.96 respectively) exists between eminence indexes and the number of citations (C).
Studying university teams, van Raan [14] found strong positive correlation between citations and the h-index (R 2 = 0.89; the respective function is:
). He did not, however, find significant correlation between the CPP/FCS m indicator and h-index. (The CPP/FCS m index relates the citedness of papers (CPP) to be evaluated to the mean citedness (FCS m ) of papers in journals devoted to the respective field or subfield.) PI (C, 2C, 3C) indexes correlate with C 3P (r = 0.56, 0.71 and 0.78, respectively) significantly but the h-index does not (r = 0.35). This feature may be a consequence of the fact that when studying a great number of papers the h-index may measure the lowest limit of citedness of about 20% of the total number of papers. (In this study, the mean percentage of papers counted by the h-index related to the total was found to be: 22.18% (SD = 13.37; dynamic range: 9.06-63.16%). The h-index shows significant correlation with the PI-indexes (r = 0.88, 0.89, 0.84 and 0.79, respectively). Evidently, the PI-type indexes correlate significantly with each other.
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Key:
For P, C, etc. see Table 4 . *Significant (two tailed) at p < 0.05. s Significant (two tailed) at p < 0.01.
From the relatively strong correlation between the publication eminence indexes and the total number of citations it may be concluded that the number of citations alone could be an appropriate index for measuring impact and quantity of information produced by individuals. The significant difference between the mean number of citations obtained by members and non-members may also support this conclusion (Tables 4 and 7) . Similarly, the agreement of PI(C), PI(2C) and PI(3C) indicators would suggest that the use of citations received by highly cited papers as a part-index may be eliminated.
The above conclusions are confirmed by the Spearman rank order correlation coefficients in Table 8 . The average values, however, do not reflect possible great divergences on the individual level. Ranks of scientists by PI(C) and PI(2C) or PI(3C) show, for example, excellent agreement for 18 individuals. There are, however great discrepancies in the case of scientists with extremely high or extremely low C 3P /C ratios (84.50, 35.23 and 13.05%, respectively). Their rank positions change from 14 to 9 and 7, from 17 to 16 and 14 and from 11 to 14 and 16, according to PI(C) and PI(2C) and PI(3C) indexes, respectively. This finding points to the importance of the use of citations obtained by the most cited papers for assessment of individuals.
The agreement between ranks by PI(log) and PI(C, 2C, 3C) is excellent (Table 8) , except for two persons with C 3P /C ratios of 84.50 and 11.40%. The ranking positions change from 19 to 14, 9, 7 and from 10 to 11, 14, 16, respectively.
Between the means of RCI, h, PI(C) and PI(log) for scientists elected and non-elected the significance levels are relatively low (Table 7) . This shows that there may be significant differences between the publication eminence of members and non-members. 
For explanation of P, C etc. see Tables 4 and 5 . Key: *Significant at p < 0.0001 level.
For explanation of C, h etc. see Table 4 .
In observing individual rank positions, however, we may find some remarkable divergences. A scientist, for example, placed 20 by the h-index, ranks 19 by PI(log) but proves to be significantly higher by PI(C), PI(2C) and PI(3C) (14, 9 and 7, respectively) . This may be attributed to his high C 3P and C/P rank (1 for both). By the h-index, another scientist ranks 11-12 whilst by PI(log), PI(C), PI(2C) and PI(3C) his rank numbers are 10, 11, 14 and 16, respectively. This fact can be attributed to his low rank by C 3P (17) . A scientist ranking 7 by the h-index shifts to rank 10 by PI(C) and 12 by PI(log), PI(2C) and PI(3C). This may be due to his relatively high rank by C/P (8) and lower ranks by C 3P and C (14 and 10, respectively). A scientist with an h-index of 16, (rank: [13] [14] , could better his position by PI(log) (5) and by PI(C) (7), significantly. This effect can be attributed to the relatively low citedness (C/P; rank: 21) of his papers and his low C 3P index (rank: 13) and to the significantly better position by P (rank: 1) and C (rank: 7).
The discrepancies mentioned above should draw our attention to the importance of investigating the publication performance of individuals on an individual scale. Judging the appropriateness of an indicator to be used for comparative evaluation of individuals cannot be done without comprehensive empirical studies, only on the basis of means of indicators (representing greater sets).
According to van Raan [14] the h-indexes and CPP/FCS m -indexes both relate in a quite comparable way with peer judgments. Analysis of the data for extreme cases (top and low peer ratings) shows, however, that the h-index values do not correlate with peer ratings.
Similar results were obtained by calculating relative citation impact indexes [15] (RCI: number of citations obtained divided by the sum of Garfield factors of journals where the respective papers were published) for members and non-members (members: RCI = 5.38, SD = 1.90; non-members: 3.53, SD = 1.30) ( Table 5) . The difference between means of members and non-members is highly significant (p < 0.015; Table 7 ).
According to Bornmann and Daniel [16] young scientists awarded a long-term fellowship would have a higher h-index than applicants rejected (those awarded: h = 3.84, SD = 2.61, n = 64; those rejected: h = 2.72, SD = 2.11, n = 350). The difference in means given is, however, not significant in each year at p < 0.05 level. For example in 1992: the mean h-index for researchers awarded was 2.92 (n = 13; SD = 2.29) and for researchers rejected: 2.70 (n = 57; SD = 2.17), significance between the two means was: p = 0.80. In 1994: 2.83 (n = 12; SD = 1.27) and 2.46 (n = 52; SD = 2.11), respectively; p = 0.56. The h-index values in Bornmann and Daniel [16] would mean that the respective persons have three or four papers cited three or four times or more (self-citations included), on average. In my opinion, this fact does not indicate excellence, not even for young scientists. It may happen that one or two really excellent papers by a young fellow out of, say, four or five publications would obtain 100 or more citations, each, but he/she cannot attain a higher h-index than the total number of his/her papers (i.e. four or five). Another person with five papers with five citations each (total number of citations = 25) can attain an h-index of 5, as well. Consequently, the h-index, without applying other impact indexes, is not appropriate for distinguishing among scientists with a low number of papers by publication eminence.
Conclusions
Scientific research is multifaceted, consequently it is very dangerous to rely on a single indicator. Instead, the application of composite indicators can be recommended with several partial indicators weighted by the purpose of the assessment [9] . The Hirsch index seems to be a composite index as well. Its value depends not only on the number and distribution of citations over journal papers but on the number of papers as well. The relationships between the factors mentioned, however, have not been clarified yet.
In summary, it may be concluded that:
• the Hirsch index [2] alone is not appropriate for analysing the publication performance of scientists with a relatively low number of papers;
• calculating with self(dependent)-citations included may strongly distort publication impact indexes. Therefore, the application of such indexes for evaluating individuals seems to be dangerous.
Self-citations may artificially enhance the value of the indexes, which may harmfully influence the consequences of assessments [14] ;
• the h-index strongly handicaps scientists with only some papers outstandingly cited; at the same time preference is given to scientists with many frequently cited papers (among these there may or may not be highly cited papers);
• the h-index and the PI type indexes strongly depend on fields and subfields;
• the h-index may be used together with relative impact indexes to approximate the publication performance of senior scientists with similar publication characteristics and working in fields with similar bibliometric features. The h-values of outstanding scientists may serve as examples for the highest possible level of publication activity in different fields;
• the means of different scientometric indexes obtained from data of greater sets of publications may yield similar conclusions; this is, however, not sufficient in each case for verifying the correctness of the individual indexes. Because of the specificities of the evaluation methods some individuals may suffer disadvantages while others may enjoy undeserved advantages. Correctness of the indexes should be investigated also on an individual level; and
• when assessing the publications of individuals the application of relative impact indicators [15, 17] seems to be inevitable.
